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Abstract —In this paper, we propose a transceiver architecture 
for full-duplex (FD) eNodeB (eNB) and FD user equipment (UE) 
transceiver. For FD communication,.i.e., simultaneous in-band 
uplink and downlink operation, same subcarriers can be allocated 
to UE in both uplink and downlink. Hence, contrary to traditional 
LTE, we propose using single-carrier frequency division multiple 
accesses (SC-FDMA) for downlink along with the conventional 
method of using it for uplink. The use of multiple antennas at eNB 
and singular value decomposition (SVD) in the downlink allows 
multiple users (MU) to operate on the same set of subcarriers. 
In the uplink, successive interference cancellation with optimal 
ordering (SSIC-OO) algorithm is used to decouple signals of 
UEs operating in the same set of subcarriers. A smart antenna 
approach is adopted which prevents interference, in downlink of 
a UE, from uplink signals of other UEs sharing same subcarriers. 
The approach includes using multiple antennas at UEs to form 
directed beams towards eNode and nulls towards other UEs. The 
proposed architecture results in significant improvement of the 
overall spectrum efficiency per cell of the cellular network. 

Keywords:Full-Duplex; SC-FDMA; SVD; SSIC-OO; Smart 
Antenna 

1. Introduction 

One of the major revolutions in the future wireless networks 
can be the introduction of full-duplex (FD) eNodeB (eNB) 
and FD user equipment (UE). In traditional duplexing, either 
two separate channels or time slots are used for uplink 
and downlink. FD systems make the simultaneous in-band 
transceiving feasible. In recent years, excessive work is being 
done in the area of self-interference cancellation (SIC) design 
for both single and multiple antenna transceiver units (11. (21. 
This enables optimal cancellation of interference from the 
receiver chains introduced by the transmitter chains of the 
transceiver unit. Here, we discuss the FD transceiver design 
for eNB and UE and the corresponding uplink and downlink 
operations. We assume perfect self-interference cancellation at 
eNB and UE transceiver circuits. While this is far from true 
today, sufficient progress is being made in this direction to 
start considering this model and its implications ,especially 
in case of small cells, where the transmission power varies 
from 17dBm to 30dBm. In (B, the SIC design is capable of 
canceling the self-interference almost to the noise fioor for a 
multiple antenna Wifi with transmission power ranging from 
16dBm to 20dBm and bandwidth of 20MHz. This is a positive 
indicator for future of FD in cellular networks. 

In conventional FTE system, UEs are allocated sub carrier 
resources according to channel state scheduling algorithm 0. 
For uplink and downlink, single carrier frequency division 
multiple access (SC-FDMA) and orthogonal frequency divi¬ 


sion multiple access (OFDMA) is used for multiple access 
respectively. For FD operation, same subcarriers can be allo¬ 
cated to UEs for uplink and downlink. Hence we propose using 
SC-FDMA for both uplink and downlink, due to its advantage, 
over OFDMA, in terms of bit error rate (BER) performance 
and energy efficiency, particularly at the UE. ||3|. 

The FD operation enables channel reciprocity for uplink 
and downlink. This eases the availability of channel state 
information (CSI) at the transmitter. This, coupled with the 
use of multiple antennas at eNB allows multiple user (MU) 
to operate on the same set of subcarriers. The use of the 
same subcarriers for both uplink and downlink results in 
interference in downlink of a UE from uplink signals of other 
UEs operating in the same subcarriers. In our previous work 
0, we neglected this interference assuming a non-line of 
sight (NFOS) scenario between UEs. For this, we considered 
an environment where a plethora of man-made and natural 
obstructions are present, like buildings and trees, between the 
UEs. This leads to screening of signals between the UEs. 
However, in this work, we consider a scenario for small cells, 
deployed around the lower end of the super high frequency 
(SHF) band (2 GHz to 7 GHz Q), with possible EOS between 
the UEs sharing the same subcarriers. Hence a smart antenna 
based approach is deployed which uses multiple antennas at 
UEs 0 to form directed beams towards eNB and nulls toward 
other UEs coexisting in the same subcarriers mi. 

The paper is divided into six sections. In section 2, we will 
discuss about the system model describing the eNB and the 
UE design for the proposed method. Section 3 and section 
4 deal with the downlink and uplink operations respectively. 
Simulation results for downlink and uplink are discussed in 
section 5. The conclusion is presented in Section 6. 

Notation: [.]^,(.)^ denote transpose and Hermitian respec¬ 
tively. 11.11 2 denotes Euclidean norm. 

H. SYSTEM MODEL 

For facilitating FD communication, both eNB and UE 
operate in FD mode. The SIC cancellation design deployed at 
the RE front end of both eNB and UEs will allow simultaneous 
allotment of a single channel for both uplink and downlink 
operations Q. The self-interference at a receive chain of a 

^Operation in the GHz range considered, ease the deployment of multiple 
antennas at UE. Also extensive research is under way in the area of mmWaves 
(6) which further facilitates deployment of multiple antennas at UE. Small cell 
deploying mmWaves constitutes the next part of the work. 



Fig. 1. Transceiver structure for the proposed eNB architecture 
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Fig. 2. Transceiver structure for the proposed UE architecture 


multiple antenna system consists of l)self-talk, .i.e., interfer¬ 
ence from the transmit chain with which receive chain shares 
antenna and 2) cross-talk, .i.e., interference from neighboring 
transmit chains. There are three major components for self¬ 
talk and cross talk 1) Linear component, 2) Non-linear 
component (resulting when the digital baseband signal is 
converted to analog and up-converted to the carrier frequency 
by various analog circuits involved) and 3) Transmit Noise m. 
The SIC design cancels out these components from the receive 
chains. The details of SIC design are not discussed here. In 
this work, we consider a single cell deploying an eNB with Ne 
antennas and K UEs with antennas operating in FD mode. 
For the proposed transceiver architecture shown in Fig.l and 
Fig.2 for eNB and UE respectively, the Analog and Digital SIC 
unit, includes analog and digital cancellation stages described 
in □ for implementing SIC. 

We assume dynamic subcarrier allocation based on channel 
state information. Let each subcarrier allocated be shared by 
K UEs simultaneously, where K is given by in 


K = 


,K'),Ne>Nr 


1, otherwise 


( 1 ) 


Note: In this work the antenna elements in the UE, 
unlike in case of eNB, are taken closely spaced enough to 
allow a high spatial correlation between them Hence, UE 
acts as a single antenna system, i.e. Nr ~ 1, when evaluating 



Fig. 3. Structure for the Beamforming unit for the proposed UE architecture 
and the formation of directed beam toward eNB 


K. This eliminates the possibility of diversity gain at the UE. 


Each UE is allocated M (= 


NK 

K 


) subcarriers, where N 


is the total number of subcarriers available. Keeping this in 
mind, we here consider a case oi K = K, i.e., all the K UEs 
are allocated all the N subcarriers. The channel between each 
eNB antenna and UEs antenna is assumed to be frequency 
selective with L taps. The FD operation allows the channel 
reciprocity between downlink and uplink: 


hli,kiP) = ( 2 ) 

where h'j- f^{b) and hj- ^(6) denotes time domain uplink 
and downlink channel coefficient between antenna at eNB 
and antenna of UE respectively, 6 = 0,1,2,— 1, 
j = 1, 2,..., Ne, /c = 1, 2, ...^Nr and i = 1, 2,..., K. 

In downlink, the channel reciprocity property of FD enables 
the transmitter (eNB) to acquire CSI with ease. The CSI can be 
used to perform efficient subcarrier allocation and precoding 
the UE data at eNB so as to perform SVD based beamforming. 
Eor ED operation, same subcarrier is allocated for both 
downlink and uplink. In the uplink, successive interference 
cancellation with optimal ordering (SSIC-00) algorithm is 
used at the eNB to segregate signals of UEs sharing the same 
subcarriers. Multiple antennas at UE are exploited to avoid 
interference to the UE in downlink from uplink signals of 
other UEs, sharing same subcarriers The highly correlated 
multiple antennas UE are used to form a directed beam 
towards the eNB and nulls in the direction of other UEs 
operating in the same subcarriers. The directed beam also 
helps in combating high pathloss^. This is implemented 
through the beamforming unit shown in Fig.3. To keep the 
analysis simple, the frequency domain MMSE equalizer is 
used both in downlink and uplink. 


III. Downlink Operation 

In Fig[^ let denote the UE information data block 
of length M in downlink (denoted by d): 

=[xf{l),xf (2),...,xf{M)f,i = 1,2,...,K (3) 

The output of the M-point block is given by: 


^For a small cell deployment, in the band under consideration, angular 
spread can be around 20^ for outdoor and 22® — 26® for indoors (3 . Thus, 
by keeping antenna spacing below half wavelength, results in high correlation 
among antenna elements [S]- 


^ In a multicell scenario, intercell interference (eNB to eNB and eNB to 
UE) can be mitigated by methods like interference management through cloud 
access network (C-RAN) architecture. Discussion on inter cell interference is 
out of scope of this paper. 


































































































xf = Fmx^ (4) 

where Fm is the M-point DFT matrix and 5tf = 
[xf (1), (2),(M)]^ . This output is then passed 
through the subcarrier allocation block. Let denotes N^Xl 
precoding vector for UE on subcarrier. The precoded 
output vector of size NqXI for UE on subcarrier is 
given by: 

zf = (m) (5) 

where m = zf{m) = 

. Let A% represents the 
NXM subcarrier allocation matrix for UE, i = 1, 2,..., A 
[3]. The NXl vector input to the N-point IDET block for 
transmit chain is given hy^ 

( 6 ) 

i=l 


where j = 1,2, N„ zf^ = [zfj{l),zfj{2),zfj{M)f 
. The output of the A-point IDET block for the transmit 
chain is given by: 

Si = Five,^ (7) 

where j = l,2,...,Ae, Fat denotes the N-point IDET 
matrix. This signal is then transmitted on antenna after 
addition of the cyclic prefix (CP). 

In this work, the UE transceiver unit (Eig|^ consists of 
a uniformly spaced linear antenna array of elements 
with an inter element distance of h. The angle with re¬ 
spect to the array normal at which the plane wave im¬ 
pinges upon the array is represented as Let A = 
[cx{pji),cx{pj 2 ), ...,cx{Pjk)] be the NrXK steering 

matrix such that cxi'ipj) is the NrXI vector which represents 
the array steering vector corresponding to the direction of 
arrival (pjj) of either the eNB or one of the other K — 1 UEs 
sharing the same subcarriers Q: 

a{'tpj) = [q!°, a],aj,(8) 


where = exp(—j27rx^ sin('0j)) and A is the wave¬ 
length. Algorithms like Root-MUSIC (due less computational 
complexity) is used for estimating DoA of eNB and other UEs 
sharing the same spectrum resource. By knowing the direction 
of the eNB, antenna array forms directed beams in its direction 
with a constant gain and null towards other UEs. Directions of 
other UEs are calculated using the interfering uplink signals. 

At the UE, the downlink received signal is obtained after 
SIC cancellation in receive chain. The received signal at 
antenna, is given by: 


- 

yi,k — 


iVe 


ni,k 


i=i 


a 


k-l 

e,l 


K Nr 

[EE' 

9=1 k = l 
97^1 


q,k,l,k 




a 


k-l 

q,l 


(9) 


where I = 1,2,...,A, k = 1,2,...,A^. (g) denotes circular 
convolution operation, yfj^ is NcpXl vector where Ncp is the 


receive symbol size with CP. ^jij^ is the channel coefficient 
between antenna of eNB and k^^ antenna of UE in 
downlink, n/is the noise introduced in the channel between 
eNB and k^^ antenna of UE. is the spatial response 
of the k^^ antenna of UE in the DoA of i^e,i is the 
DoA of eNB w.r.t UE. , is the channel coefficient 

q,k,l,k 

between antenna of UE and k^^ antenna of UE. ^ 

q,k 

is the uplink signal from the antenna of UE. is 

the noise introduced in the channel between q^^ UE and k^^ 
antenna of UE. spatial response of the k^^ 

antenna of UE in the DoA of ipq^i. ipq^i is the DoA of q^^ 
UE w.r.t UE. 

In this paper, for the purpose of forming directed beam 
towards eNB, we have used the Constrained Least Mean 
Square algorithm (CLMS) due to its computational simplicity. 
The CLMS algorithm for determining the optimal weight 
vector for the look direction is Q: 

Wi{p) =W;(p-l) + 2/i(yf(p-l))'^yf(p-l) (10) 





,Vp 


( 11 ) 


where W;(p) = [wi^i{p),wi^ 2 {p), ■■■,wi,nApN is the 
complex weight vector for the UE, in the iteration, 
OL{%pj) is the array response on the desired look direction at 
'ipr jfip-l) = [yf_;(p- l),y[^2(l^- l)>->yl^iv,(p- 1)] is 
NcpXNr matrix and yf{p — 1) is the weighted sum of the 
signals from the Nr antennas in the {p—iy^ iteration. The p 
is a positive scalar, called gradient step size that controls the 
convergence rate of the algorithm. Henceforth, for the sake 
of analysis, the notion for the number of iteration (p) will 
be ignored. All the notations will be taken to be at the p^^ 
iteration, which is large enough for the CLMS algorithm to 
converge. The weighted sum of the outputs of the Nr antennas 
is then calculated as follows: 


Nr 


Nr Ne 


yf = = L! [J2Kl,k ni,A 

k=l k=l j=l 

Nr K Nr 


Wl,kae,l ^ 


E [ E E KMk ® ^Ik +' (12) 


k=l q=l k=i 
97^1 


Due to the high correlation between antennas at the UEs, 
these can be approximated as a single antenna system and 
hence ( p^ is equivalent to the following 


yf = 


Ne Nr 


f = l 


k=l 


K Nr 


k-l 

e,l 


Nr 


E E { k,i ® “ 97 ) [ E ( 


9=lfc=l 
97^1 


k=l 


( 13 ) 


^Due to space limitation, the proof is not included here. 








where, for the /^^UE, hj ^ ^ 


and ui^i 
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q,2,l,k ^ ^ ^^q,Nr,l,k 
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uw ud 


Ki,2 
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^g,z,Ar, 


= <^iq^^k,q^q n?,M 


n„ ;,2 


g,A: 

••• ~ Uq^i. 

Also, from received signal in ( p^ after removing of 
CP can now be given by: 

Ne 

yf = X] ( 14 ) 

i=i 

where I = 1 , 2 ,..., if, yf is of size A^Xl, hji = 

[h^^i{0),h^i{l),...,h^i{L - 1),{N - L)zeros]^ and G 
A^(0, A'o: Iat) is additive noise vector. This signal is then 
converted to the frequency domain, which is given by: 

yf = Fivyf (15) 

where F^v is the N-point DET matrix. 

Ne 

i=i 

Ne K 

j=i i=i 


(16) 


where = diag{F]sfh'j i) is the NXN diagonal matrix 
whose diagonal elements are frequency domain coefficients 
between transmit antenna at eNB and UE. Let A* be 
the MXN deallocation matrix where A* = (A*)^ . The M- 
point received signal for UE after sub-carrier deallocation 
is given by: 


yf = Nyf 

Ne K ^ 

i=i *=i 


(17) 


Now, the received signal for the UE on the to 


th 


subcarrier is given by: 

r/f(TO) = Hf(TO)y]p;,5f(TO)+ ni(TO) (18) 


K 


i=l 


where Hf(m) is the lAAe frequency domain channel 
coefficient vector of UE on the subcarrier. 
entry is the diagonal element of matrix ni{m) is 
channel noise for the UE on the subcarrier. The SVD 
decomposition of channel matrix is given by |l3|, ||9l: 


where y‘^{m) = [yf{m),y^{m),...,yj^{rn)Y', = 

Ffi = diag{E'^ i, E'^ 2j ■■■J = Ptoj •••> 

= [xf {m),x 2 (rn), and n(m) = 

[ni(m), n 2 (m), ...,n/c(m)]^ The interference from the down¬ 
link of other UEs on the UE can be completely eliminated 
by choosing the precoding matrix as: 


where [(V: 


P 

qK\ 


= [(v^)^]+A 


( 21 ) 


is pseudo inverse of V^, f3^ = 


diag{P}^^ I3‘^^ (3^) defines the optimal power allocated to 


each of the K UEs on rrd^ subcarrier m. The equation 
can be represented as: 


y'^ (to) = (to) + n(TO) (22) 

The received signal on rrd^ subcarrier for the UE is 
given by: 

yf{m) = U^^iE^^ixf{m) + ni{m) (23) 

where E^ ^ = Ei ^pl, 

In the post-processing unit, for the UE, the received 
signal is multiplied with 

yfim) = {Ui^i)^yf{m) 

= Et,iXi{m) + wi{m) 

where for a single antenna UE, (U^ ^ Using the 

above definition, the received signal vector for UE on the 
M allocated subcarriers can be expressed by: 


yf = Efxf + w, (25) 

where yf = [yf{l),yf{2),...,yf{M)f,'Ef = 

diag{Efi,Eli,...,E'l[i) , xf = [xf,xf{2),...,xf{M)f 

and wi = [wi{l),wi{2), . This is then subjected 

to frequency domain MMSE equalization. The received 
signal vector at the output of the MMSE equalizer on the M 
allocated subcarriers is: 

sf = ((Ef)"(Ef) + NoIm)-\Effyf (26) 

This signal for the UE is then converted to time domain 
by an M-point IDET operation given by: 

xf = FMxf (27) 

where I = 1,2, ...,A and Fm is M-point inverse IDET 
matrix. This is used for decoding of the signal for the UE. 


= (19) 

where for a single antenna UE, U^i is a scalar such that 
(Uf^,^)^ = 1 Xt^i is a scalar equal to (A^ ;)i/2 where i 
is the eigenvalue of Hf (m)(Hf (m))^ and is a AeXl 
matrix containing the eigenvector corresponding to non-zero 
eigenvalue of (Hf (m))^Hf (m), which is equal to The 
received signal vector on subcarrier due to all UEs sharing 
the subcarriers is hence can be given by: 

y‘'(TO) = Uf,Ef,(Vf,)"P„x‘'(TO) + n(TO) (20) 


IV. Uplink Operation 

In Eig|3 let denotes the information data block of length 
M for i^^UE in uplink (denoted by u): 

K;f = [xfil),xf{2),...,xf{M)f,i = l,2,...,K (28) 

The output of the M-point DET block is given by: 

= Fmx^ (29) 

where x^ = [x^, ;r^(2),..., ;r^(M)]^.As discussed. A* 
represents the NXM subcarrier allocation matrix for 



UE, i = 1,2, Due to channel reciprocity, the subcarrier 
allocation matrix for a UE in both uplink and downlink is 
equal. The NXl vector input to the A^-point IDFT block for 
jth ug given by: 

(30) 


The output of A-point IDFT block for the UE is given 
by: 

sr = Fivdr (31) 


This signal is then multiplexed into Nr copies after addition 
of the cyclic prefix (CP). The signal, after multiplying with 
the complex weights,Wi^k^ is transmitted in the direction of 
eNB w.r.t UE,.i.e., from the Nr antennas with spatial 

response for the antenna. This steers the beam in 

the direction of eNB according to CEMS algorithm described 
in the previous section. The transmitted signal from the 
antenna of UE is represented as follows: 


s“fe = k = l,2, Nr 


(32) 


At the eNB (Fig[T]), the received signal is obtained after 
SIC cancellation in the Ne receive chains. The received signal 
vector of size NXl at the receive antenna due to the K 
UEs, after removing the CP, is given by: 

K Nr 


yj 


i,k 




i=l k=l 
K Nr 


(33) 


= Ki,k ® Ni^ksf] + nj^i 


i=l k=l 


where j = 1,2, ...,Ae 


uu 


is the channel coefficient 


nth 


between antenna of eNB and k^^ antenna of UE in 
uplink. is the noise introduced in the channel between 
UE and antenna of eNB. As we have assumed highly 
correlated antennas at the UEs, we take h 

uu 




7 \i,2 


13) for 


hj -. Hence, similar to the analysis in (12 
the case of downlink and using the received signal in 
(331) can now be represented as: 

K 

(34) 


where j = l,2,...,Ne, h" 


[hiM,hUi),...,hUL 


1), (A — L)zerosU and uj^i G cA(0, Aq, Iat) is the additive 
noise vector, which due to channel reciprocity, is equal for 
each pair of antenna in eNB and UE in both uplink and 
downlink . The output of the antenna received signal is 
then converted to the frequency domain by taking the A-point 
DFT, which is given by: 




K 


= E 




(35) 


i=l 


where j = 1,2, ...,Ae and H.'j - = diag{F]sfh'j ,i^) is the 
AAA diagonal matrix whose diagonal elements are the 
frequency domain channel coefficients between antenna of 


UE and receive antenna at eNB. As discussed,A* 
is the MXN deallocation matrix where A* = (A*)^. The 
M-point received signal on the antenna after sub-carrier 
deallocation is given by: 

y" = A'yJ (36) 

For the subcarrier, .i.e., the element of yj, the 
received signal on the antenna is given by: 

K 

yj{m) = ^ Aj^^(m)x^(m) +%i(m) (37) 

i=l 

The signal received by the eNB on all the N^ antennas for 
the nrd^ subcarrier is given by: 

K 

y“ = ^ H (m) ( 38 ) 

i=l 

where i = 1,2, ...,A, y^(m) = 

and ni{m) = 

■■■,ni^NeNN Por decoding of UE signal, the 

signal received given by ( [^ can be represented as: 

K 

y“ = Hf (m)xf (m) ^ HAm)x“(m) + n(m) (39) 

i=l 

where the first term represents the desired UE signal, the 
second term represents the co-channel interference from the 
other UEs and the last term n(m) = ni{m) -j- n^(m) is the 
noise term. 

The received signal is subsequently passed through fre¬ 
quency domain MMSE equalizer. The estimated signal for the 
j^th ug r^th subcarrier is given by: 

+ (Hf 

(Hr(m))"R^,-i(m)r(m) (40) 

where q^(m) = H[^(m)x^(m) -j- n(m) is the 

co-channel interference and noise factor for the UE. 

+iVoIiv, is the 

covariance of q^(m). is the signal power for the UE 

and is normalized such that = 1, hence the estimated 

signal term for the UE on the rrd'^ subcarrier, ignoring the 
scaling term, is given by: 

xf(m) = (H^(m))^R^g“^(m)y^(m) (41) 

The estimated signal of the UEs can be estimated by 
the successive interference cancellation with optimal ordering 
(SSIC-00) procedure defined in algorithm([^ below. 

Let the signal for the UE on all the subcarrier is given 

=[xfh),xf{2),...,xf{M)f (42) 

This signal for the UE is then converted to time domain 
by an M-point IDFT operation given by: 






Algorithm 1 SSIC-00 for estimating UE signal 
1: Let c = K 

2: while c > 1 do 

3: Calculate received power for all the K UEs 

4: PWi = ||H“(m)||^,z = 1,2, ...,c where = 1 

5: Let I = argmax(Pfl/^) 

i 

6: Estimate xY{m) 

7: = y^(m) — 

8: C = C — 1 

9: end while 

10: Now let I represent index for the last remaining unesti¬ 
mated UE 

11: x'l^m) = the system, ignoring the 

scaling term represents a single 

UE and multiple receive antennas at eNB with maximal 
ratio combining (MRC) of user symbols 


= FMxr,/ = l,2,...,P (43) 

This is used for decoding of the signal for the UE. 

V. Simulation Results 

The advantage of using SC-EDMA for downlink instead of 
OEDMA in terms of BER performance is analyzed in O. 
To validate the inclusion of SIC design for ED system in our 
architecture, we have carried out MATLAB simulations for 
BER performance in downlink and uplink. Eor simulation, we 
have considered an ED eNB with four antennas (Ne = 4) and 
two ED UEs (K = 2) with four antennas each (Nr = 4) and 
PW 2 > PWi. The DoA of eNB w.r.t two stationary UEs, 
i.e, UEl and UE2 is 10^ and 60^ respectively The issues 
due to mobility of UEs are considered in the next part of 
the work. Eor smart antenna beamforming at UEs, the CLMS 
algorithm with root music algorithm is used. The Ghorbani 
Model and thermal noise (Noise temperature = 290iT) is used 
for modeling the non-linearity which is introduced to the 
complex baseband SC-OEDM symbols. The channel between 
each antenna of eNB and UEs is taken as frequency selective 
with L = 10 and uniform power delay profile (UPDP). 
The modulation scheme used is 16-QAM (no coding). The 
bandwidth allocated to the UEs is taken to be 3MHz which 
is split into 256 subcarriers, out of which 180 subcarriers are 
occupied by the UEs. A cyclic prefix of duration 4.69s is used. 
The UEs operate in downlink and uplink on all the subcarriers. 

Eor downlink, the performance at UEl is considered for 
received complex SC-EDMA symbols from eNB. In Eig|^ the 
effect of SIC on the receiver performance at UEl is shown. It is 
observed that without SIC the receiver has zero throughput. A 
similar result is obtained when SIC is attempted without taking 
into consideration the non-linearity (NL) components. No 
improvement in receiver performance is observed by including 
the NL distortion components in SIC without the cross-talk 
cancellation (CTC). The receiver performance is equivalent to 

^Such that the UEs are at the null of each others beampattern. 



Fig. 4. BER performance at UEl for ED downlink 



Fig. 5. BER performance at eNB for ED uplink 


half-duplex (HD) performance when we considered both self 
and cross talk along with NL distortion components for SIC. 

Eor uplink, the performance at multiple antenna eNB is 
considered for received complex SC-EDMA symbols from 
UEl. In Eigj^ the effect of SIC on the receiver performance of 
the eNB is shown. The SIC analysis is similar to downlink, but 
there is an additional diversity gain introduced due to multiple 
antennas in eNB according to the algorithmlHk Comparing the 
BER performance at UE (Eig|^ and eNB (Eig]^, it is observed 
that due to the additional diversity gain, there has been a nearly 
18dB gain for the eNB over the BER performance of UE at 
BER 10“^. In case of uplink, the effect of CCI has negligible 
impact as eNB employs SSIC-00 to cancel out interference of 
signal of one UE on the signal of other UEs. Similar analysis 
can be done by taking UE2 into consideration. 

In terms of the overall spectral efficiency (SE) per cell, the 
proposed ED eNB and ED UE transceiver along with the smart 
antenna technique, helps in achieving higher performanc^ 
as compared to HD time division duplexing (TDD) system 
and scheduling algorithm proposed in O. The SE per cell 
in downlink for two UEs, assuming total SIC, is shown in 
fig|^ Eor the HD TDD system, only one UE is scheduled for 
uplink and downlink in alternate time slots. Eor scheduling 
algorithm O, two HD UEs (with ED eNB) is considered such 
that, for a time slot, these are scheduled simultaneously in 
reverse directions (one in uplink and other in downlik) with 
their direction interchanging in every consecutive time slot|^ 

^The smart antenna technique helps more UEs to be scheduled simultane¬ 
ously using same spectrum resource in downlink and uplink. 

^ Due to limitation in space the result is not discussed in detail here and 
will be included in the future work along with analysis for uplink SE. 




























Fig. 6. Overall Spectrum efficiency per cell in downlink for various 
scheduling approaches 

VI. Conclusion 

In this paper, we proposed design for FD multiple antenna 
eNB and FD UE transceiver units and discuss the corre¬ 
sponding uplink and downlink operations. The smart antenna 
technique is used to avoid interference at downlink of a 
UE from the uplink signal of other UEs operating in the 
same subcarriers. Finally, simulations for uplink and downlink 
operations along with overall SE per cell in downlink for the 
proposed FD system is analyzed. In the future work, we will 
try to relax assumptions made in the paper and optimize the 
designs in term of energy efficiency. Further, we will exploit 
utility of mmWaves in small cell FD deployment. 
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